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L�
p;r � L�

p;r(R
n) = ff(x) : kfkL�

p;r
� kfkr + kF�1(j�1j

�1 + � � �+ j�nj
�n)Ffkp <1g; (1)

1 < p <1; 1 � r <1; � = (�1; : : : ; �n) 2 C
n ; Re�j > 0; j = 1; : : : ; n;

F | ¯à¥®¡à §®¢ ­¨¥ �ãàì¥, ¯®­¨¬ ¥¬®¥ ¢ á®®â¢¥âáâ¢ãîé¥¬ á¬ëá«¥. �à¨ ¢¥é¥áâ¢¥­­ëå �j ¨
r = p ¯à®áâà ­áâ¢  (1) á®¢¯ ¤ îâ á ¢¢¥¤¥­­ë¬¨ ¨ ¨áá«¥¤®¢ ­­ë¬¨ �.�.�¨§®àª¨­ë¬ (á¬. [1]{
[4] ¨ [5]) ¯à®áâà ­áâ¢ ¬¨ p-áã¬¬¨àã¥¬ëå äã­ªæ¨©, ¨¬¥îé¨å ¢ Lp ®¡®¡é¥­­ë¥ «¨ã¢¨««¥¢áª¨¥
¯à®¨§¢®¤­ë¥ D�jf , �j > 0, j = 1; : : : ; n, ¯® ¯¥à¥¬¥­­ë¬ xj á®®â¢¥âáâ¢¥­­®. � á«ãç ¥ r 6= p ¨
�1 = � � � = �n = � > 0 ¯à®áâà ­áâ¢  L�

p;r ¡ë«¨ ¨§ãç¥­ë �.�. � ¬ª® (á¬. [6], [7] ¨ [8], [9]). �  ­¨§®-
âà®¯­®¬ á«ãç ¥ ¯à®áâà ­áâ¢  L�

p;r,   â ª¦¥ ¯à®áâà ­áâ¢ , á®¢¯ ¤ îé¨¥ á ­¨¬¨ á â®ç­®áâìî ¤®
íª¢¨¢ «¥­â­®áâ¨ ­®à¬, ¯à¨ ¢¥é¥áâ¢¥­­ëå �j ¨§ãç «¨áì ¢ [10], [11] (á¬. â ª¦¥ [12]{[14], £¤¥ à á-
á¬ âà¨¢ « áì  ­¨§®âà®¯­®áâì ¡®«¥¥ ®¡é¥£® å à ªâ¥à ). � ãª § ­­ëå à ¡®â å ®¯¨á ­¨¥ ª« áá 
L�
p;r ¡ë«® ¤ ­® ¢ â¥à¬¨­ å £¨¯¥àá¨­£ã«ïà­ëå ¨­â¥£à «®¢ (���), ¢¢¥¤¥­­ëå �.�.�¨§®àª¨­ë¬

¢ [3] (¨ ¨å ¬®¤¨ä¨ª æ¨©).
�­â¥à¥á, ¯à®ï¢«¥­­ë© ­ ¬¨ ª ¯à®áâà ­áâ¢ ¬ L�

p;r, �j 2 C , ®¡ãá«®¢«¥­, ¢ ç áâ­®áâ¨, â¥¬,
çâ® ®­¨ á®¤¥à¦ â ª« áá¨ç¥áª¨¥ ¯à®áâà ­áâ¢  ¡¥áá¥«¥¢ëå, à¨áá®¢ëå, ¯ à ¡®«¨ç¥áª¨å ¯®â¥­æ¨-
 «®¢ ª®¬¯«¥ªá­®£® ¯®àï¤ª . �à¨­æ¨¯¨ «ì­®¥ ®â«¨ç¨¥ á«ãç ï ª®¬¯«¥ªá­ëå �j á®áâ®¨â ¢ â®¬,
çâ® ¤«ï ¨áá«¥¤®¢ ­¨ï ¯à®áâà ­áâ¢ L�

p;r ­¥¯à¨¬¥­¨¬ë, ¢®®¡é¥ £®¢®àï, ¨á¯®«ì§®¢ ¢è¨¥áï ¢ [1]{
[11] ¨ âà ¤¨æ¨®­­ë¥ ¢ â ª¨å ¢®¯à®á å ¬¥â®¤ë, ¡ §¨àãîé¨¥áï ­  â¥å­¨ª¥ p-¬ã«ìâ¨¯«¨ª â®à®¢.
�â® á¢ï§ ­® á ­¥®¡å®¤¨¬®áâìî ¤¥«¥­¨ï ­  äã­ªæ¨î j�1j

�1 + � � � + j�nj
�n , ª®â®à ï ¢ á«ãç ¥ ª®¬-

¯«¥ªá­ëå �j â ª¨å, çâ® �jk = Im�j Re�k � Im�k Re�j 6= 0 å®âï ¡ë ¤«ï ¤¢ãå ¨­¤¥ªá®¢ j ¨ k,
¨¬¥¥â ­ã«¨ ¢ Rn , ®â«¨ç­ë¥ ®â ­ ç «  ª®®à¤¨­ â (­ ¯à., ¯à¨ n = 2 ª®®à¤¨­ âë ­ã«¥© äã­ª-
æ¨¨ j�1j

�1 + j�2j
�2 ¢ á«ãç ¥ �12 6= 0 ­ å®¤ïâáï ¨§ à ¢¥­áâ¢: j�1j = expf�(2k + 1)Re�2=�12g,

j�2j = expf�(2k + 1)Re�1=�12g, k 2 Z). � ç áâ­®áâ¨, ¤«ï ®¯¨á ­¨ï ª« áá®¢ L�
p;r ­¥¯à¨¬¥­¨¬

¬¥â®¤ ��� (¢®®¡é¥ ­¥ ïá­®, ª ª ®¯à¥¤¥«¨âì íâ¨ ª®­áâàãªæ¨¨). �¤¥áì ¨á¯®«ì§ã¥âáï ¤àã£®© ( ¯-
¯à®ªá¨¬ â¨¢­ë©) ¯®¤å®¤, ¯à¨¬¥­ï¢è¨©áï à ­¥¥ ¯à¨ ®¡à é¥­¨¨ ®¯¥à â®à®¢ â¨¯  ¯®â¥­æ¨ «  á
Lp-¯«®â­®áâï¬¨ (á¬. ®¡§®à­ãî áâ âìî [15] ¨ ¨¬¥îéãîáï â ¬ ¡¨¡«¨®£à ä¨î). � à ¬ª å íâ®£®
¯®¤å®¤  ®¯¨á ­¨¥ ¤ ­® ¢ â¥à¬¨­ å ãá«®¢­® áå®¤ïé¨åáï (¯® Lp-­®à¬¥) á¢¥àâ®ç­ëå ®¯¥à â®à®¢ á
áã¬¬¨àã¥¬ë¬¨ ï¤à ¬¨, ¢ëà ¦ ¥¬ë¬¨ ç¥à¥§ í«¥¬¥­â à­ë¥ äã­ªæ¨¨ (¢ ®â«¨ç¨¥ ®â ®¯¨á ­¨ï ¢
â¥à¬¨­ å  ­¨§®âà®¯­ëå ��� ¯à¨ ¢¥é¥áâ¢¥­­ëå �j ; á¬. ­¨¦¥ § ¬¥ç ­¨¥ 2).

�ã¤¥¬ ¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨ï: P"(x) = 1
�

"
x2+"2

, x 2 R1 , | ï¤à® �ã áá®­  ¢ R1 ; hf; !i =R
Rn

f(x)!(x)dx; (Ff)(�) =
R
Rn

f(x)eix�dx | ¯à¥®¡à §®¢ ­¨¥ �ãàì¥ äã­ªæ¨¨ f(x); (F�1f)(x) =

1
(2�)n

R
Rn

f(�)e�ix�d� | ®¡à â­®¥ ¯à¥®¡à §®¢ ­¨¥ �ãàì¥; S = S(Rn ) | ¯à®áâà ­áâ¢® �.�¢ àæ 

¡ëáâà® ã¡ë¢ îé¨å £« ¤ª¨å äã­ªæ¨©; 	v, v � Rn , | ¢¢¥¤¥­­ë© ¨ ¨áá«¥¤®¢ ­­ë© ¢ [16]{[19]

� ¡®â  ¯®¤¤¥à¦ ­  �®áá¨©áª¨¬ ä®­¤®¬ äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© (¯à®¥ªâ ò94-01-00577-A).
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(á¬. â ª¦¥ [8], x 3) ª« áá è¢ àæ¥¢ëå äã­ªæ¨©, ¨áç¥§ îé¨å ¢¬¥áâ¥ á® ¢á¥¬¨ á¢®¨¬¨ ¯à®¨§¢®¤-
­ë¬¨ ­  ¬­®¦¥áâ¢¥ v; â®¯®«®£¨ï ¢ ¯à®áâà ­áâ¢¥ 	v § ¤ ¥âáï áç¥â­ë¬ ­ ¡®à®¬ á®£« á®¢ ­­ëå
áà ¢­¨¬ëå ­®à¬:

k!kN = sup
jkj�N
�2Rnnv

[maxf(1 + j�j2)1=2; 1=�(�; v)g]nj(Dk!)(�)j; N = 0; 1; 2; : : : ;

£¤¥ �(�; v) = min
�2v

j���j; �v = F�1(	v) | ¯à®áâà ­áâ¢® ¯à®®¡à §®¢ �ãàì¥ äã­ªæ¨© ¨§ 	v. �á«¨ v

| á®¢®ªã¯­®áâì ª®®à¤¨­ â­ëå £¨¯¥à¯«®áª®áâ¥©, â® ¡ã¤¥¬ ¯¨á âì 	v = 	, �v = �; ¯à®áâà ­áâ¢ 
�, 	 ¡ë«¨ ¢¢¥¤¥­ë ¨ ¨§ãç¥­ë �.�.�¨§®àª¨­ë¬ ([1]{[4]). �¥à¥§ BCm = BCm(Rn ) ¡ã¤¥¬ ®¡®-
§­ ç âì ª« áá äã­ªæ¨©, ®£à ­¨ç¥­­ëå ¢¬¥áâ¥ á® ¢á¥¬¨ á¢®¨¬¨ ¯à®¨§¢®¤­ë¬¨ ¤® m-£® ¯®àï¤ª 
¢ª«îç¨â¥«ì­®. �®¤ z�, � 2 C , ¡ã¤¥¬ ¯®­¨¬ âì £« ¢­ãî ¢¥â¢ì (k = 0) ¬­®£®§­ ç­®© äã­ªæ¨¨
z� = expf�(ln jzj+i arg z+2�ki)g, ï¢«ïîéãîáï  ­ «¨â¨ç¥áª®© äã­ªæ¨¥© ¢ ¯«®áª®áâ¨ á à §à¥§®¬
¯® ®âà¨æ â¥«ì­®© ¢¥é¥áâ¢¥­­®© ¯®«ã®á¨.

I. �¯¨á ­¨¥ ¯à®áâà ­áâ¢ L�

p;r
¢ â¥à¬¨­ å  ¯¯à®ªá¨¬ â¨¢­ëå ®¯¥à â®à®¢

�à®áâà ­áâ¢® L�
p;r ®¯à¥¤¥«¨¬ á®®â­®è¥­¨¥¬ (1), ¯®­¨¬ ï ¢ ­¥¬ ¯à¥®¡à §®¢ ­¨¥ �ãàì¥ ¢ á¬ë-

á«¥ 	0-à á¯à¥¤¥«¥­¨©. � ª®¥ ®¯à¥¤¥«¥­¨¥ ª®àà¥ªâ­®, ¯®áª®«ìªã äã­ªæ¨ï j�1j
�1 + � � � + j�nj

�n

ï¢«ï¥âáï ¬ã«ìâ¨¯«¨ª â®à®¬ ¢ 	. �«ï �j 2 C , Re�j > 0 ¨ " > 0 ¯®«®¦¨¬

R�;"(x) = (F�1(j�1j
�1 + � � � + j�nj

�n)e�"j�1j�����"j�nj)(x):

� á¨«ã ä®à¬ã«ë

R�;"(jxj) �
1
2�

Z
R1

j�j�e�"j�je�ix�d� = (�(� + 1)=2�)[(" � ijxj)���1 + ("+ ijxj)���1]

¯®«ãç ¥¬

R�;"(x) =
nX

j=1

R�j ;"(jxj j)
nY

k=1
k 6=j

P"(xk): (2)

�¥âàã¤­® ¯®ª § âì, çâ® R�;"(x) 2 L1(Rn). �®«®¦¨¬ ¤ «¥¥

(T �
" f)(x) = (R�;" � f)(x): (3)

�á­®¢­®© à¥§ã«ìâ â áâ âì¨ á®áâ ¢«ï¥â

�¥®à¥¬  1. �ãáâì 1 � p � 2, 1 � r � 2, Re�j > 0. �®£¤ 

L�
p;r = ff(x) : f 2 Lr; T

�f 2 Lpg; (4)

£¤¥

T �f =
(Lp)

lim
"!0

(T �
" f)(x): (5)

�à®¬¥ â®£®, kfkL�
p;r

= kfkr + kT �fkp.

�®ª § â¥«ìáâ¢®. �ãáâì f(x) 2 L�
p;r. �®ª ¦¥¬, çâ®

(T �
" f)(x) = (P"')(x); ' = F�1(j�1j�1 + � � �+ j�nj

�n)Ff 2 Lp; (6)

£¤¥ (P"')(x) =
� nQ
k=1

P"(tk) � '
�
(x). �®«®¦¨¬ v = f� 2 R

n : j�1j�1 + � � � + j�nj
�ng ¨ ¤«ï ! 2 �v

à áá¬®âà¨¬ äã­ªæ¨®­ « hT �
" f; !i = hf;R�;" �!i. � ¬¥â¨¬, çâ® R�;" �! 2 �v; íâ® á«¥¤ã¥â ¨§ â®£®,
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çâ® äã­ªæ¨ï R�;"(�) = (j�1j�1 + � � � + j�nj
�n)e��j�1j������j�nj ï¢«ï¥âáï ¬ã«ìâ¨¯«¨ª â®à®¬ ¢ 	v. �

ãç¥â®¬ íâ®£® ¯®«ãç ¥¬

hT �
" f; !i =

1
(2�)n

h ef; (j�1j�1 + � � �+ j�nj
�n)e�"j�1j�����"j�nje!(")i =

=
1

(2�)n
h e'; e�"j�1j�����"j�nje!(")i = h';P"!i = hP"'; !i:

�â®à®¥ ¨§ à ¢¥­áâ¢ íâ®© æ¥¯®çª¨ ¢ëâ¥ª ¥â ¨§ á®®â­®è¥­¨ï h ef; e!i = h e'; e!(�)=(j�1j�1+ � � �+ j�nj�n)i,
! 2 �v. � ª¨¬ ®¡à §®¬, ¯à¨è«¨ ª à ¢¥­áâ¢ã

hT �
" f; !i = hP"'; !i; (7)

á¯à ¢¥¤«¨¢®¬ã ¤«ï «î¡®© äã­ªæ¨¨ ! 2 �v. �®ª ¦¥¬, çâ® (7) á¯à ¢¥¤«¨¢® ¤«ï ! 2 S, ®âªã¤  ¨
¡ã¤¥â á«¥¤®¢ âì (6). �ë¡¥à¥¬ ¯®á«¥¤®¢ â¥«ì­®áâì !k 2 �v,  ¯¯à®ªá¨¬¨àãîéãî äã­ªæ¨î ! 2 S
¯® ­®à¬¥ Lr0 ¨ Lp0 ®¤­®¢à¥¬¥­­®. �®§¬®¦­®áâì â ª®©  ¯¯à®ªá¨¬ æ¨¨ äã­ªæ¨¨ ¨§ S äã­ªæ¨ï¬¨
¨§ �v, £¤¥ v | ¯à®¨§¢®«ì­®¥ ¬­®¦¥áâ¢® ­ã«¥¢®© ¬¥àë ¨ r0; p0 � 2, ãáâ ­®¢«¥­  ¢ [17]{[19] (¢
­ è¥¬ á«ãç ¥ á®®â­®è¥­¨¥ mes v = 0 ®ç¥¢¨¤­®). �¥à¥å®¤ï ¢ à ¢¥­áâ¢¥ hT �

" f; !ki = hP"'; !ki ª
¯à¥¤¥«ã ¯à¨ k ! 1, ã¡¥¦¤ ¥¬áï ¢ á¯à ¢¥¤«¨¢®áâ¨ (7) ­  äã­ªæ¨ïå ¨§ S. �  ®á­®¢ ­¨¨ (6)
§ ª«îç ¥¬, çâ®

(Lp)

lim
"!0

T �
" f = ' 2 Lp:

�ãáâì â¥¯¥àì f(x) 2 Lr, T �f 2 Lp. �«ï ! 2 � ¨¬¥¥¬

hT �f; !i =

(Lp)

lim
"!0

T �
" f; !

�
= lim

"!0
hT �

" f; !i = lim
"!0

hf;R�;" � !i =

=
1

(2�)n
lim
"!0

h ef; (j�1j�1 + � � �+ j�nj
�n)e�"j�1j�����"j�nje!(�)i =

=
1

(2�)n
h ef; (j�1j�1 + � � �+ j�nj

�n)e!(�)i = hF�1(j�1j
�1 + � � � + j�nj

�n)Ff; !i: (8)

�â®à®¥ ¨§ à ¢¥­áâ¢ íâ®© æ¥¯®çª¨ á«¥¤ã¥â ¨§ â®£®, çâ® áå®¤¨¬®áâì ¢ Lp ¢«¥ç¥â áå®¤¨¬®áâì ¢ �0,
¯à¥¤¯®á«¥¤­¥¥ | ¨§ â®£®, çâ®, ª ª «¥£ª® ¯®ª § âì, e�"j�1j�����"j�nje!(�) ��!

"!0
e!(�) ¢ â®¯®«®£¨¨ 	.

� ª¨¬ ®¡à §®¬, hF�1(j�1j�1 + � � �+ j�nj
�n)Ff; !i = hT �f; !i, ! 2 �, ®âªã¤  á«¥¤ã¥â, çâ® f 2 L�

p;r ¨
F�1(j�1j�1 + � � �+ j�nj

�n)Ff = T �f .

�®¤¥à¦ é¥¥áï ¢ â¥®à¥¬¥ 1 ãá«®¢¨¥ áå®¤¨¬®áâ¨  ¯¯à®ªá¨¬ â¨¢­ëå ®¯¥à â®à®¢ ¬®¦­® § ¬¥-
­¨âì ãá«®¢¨¥¬ à ¢­®¬¥à­®© ®£à ­¨ç¥­­®áâ¨ Lp-­®à¬ ¨­â¥£à «®¢ T �

" f . �¬¥­­®, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  2. �ãáâì 1 < p � 2, 1 � r � 2, Re�j > 0. �®£¤  L�
p;r = ff(x) : f 2 Lr; sup

">0
kT �

" fkp <

1g. �à¨ íâ®¬ kfkL�
p;r

= kfkr + sup
">0

kT �
" fkp.

�®ª § â¥«ìáâ¢®. �á«¨ f 2 L�
p;r, â®, ª ª ¡ë«® à ­¥¥ ¯®ª § ­®, ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢® (6), ¢

ª®â®à®¬ ' = T �f . �âáî¤  á«¥¤ã¥â

sup
">0

kT �
" fkp � kT �fkp: (9)

�ãáâì f 2 Lr ¨ sup
">0

kT �
" fkp < 1. �®£¤  áãé¥áâ¢ã¥â â ª ï ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì "k, çâ®

W -
(Lp)

lim
"k!0

T �
" f = ' 2 Lp, £¤¥ W -

(Lp)

lim ®§­ ç ¥â á« ¡ë© ¯à¥¤¥« ¢ Lp. � ¬¥­¨¢ ¢ æ¥¯®çª¥ ¢ëª« ¤®ª

(8)
(Lp)

lim ­  W -
(Lp)

lim, ¯®«ãç ¥¬ á®®â­®è¥­¨¥ hF�1(j�1j�1 + � � � + j�nj
�n)Ff; !i = h'; !i, ¨§ ª®â®à®£®

á«¥¤ã¥â, çâ® f 2 L�
p;r.
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� «¥¥ ¨¬¥¥¬ kT �
" fkp � sup

">0
kT �

" fkp, ®âªã¤  ¯à¥¤¥«ì­ë¬ ¯¥à¥å®¤®¬ ¯à¨ " ! 0 ¯®«ãç ¥¬

kT �fkp � sup
">0

kT �
" fkp. �âáî¤  ¨ ¨§ (9) á«¥¤ã¥â kT

�fkp = sup
">0

kT �
" fkp.

� ¬¥ç ­¨¥ 1. � á«ãç ¥, ª®£¤  �j > 0, j = 1; : : : ; n, ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ â¥®à¥¬ë á¯à ¢¥¤«¨¢ë
¯à¨ 1 � p; r < 1 (p 6= 1 ¢ â¥®à¥¬¥ 2). �®ª § â¥«ìáâ¢® íâ®£® ä ªâ   ­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã
â¥®à¥¬ 1, 2 á ãç¥â®¬ â®£®, çâ® ¯à®áâà ­áâ¢® �v = �, ¯®áâà®¥­­®¥ ¯® á®¢®ªã¯­®áâ¨ ª®®à¤¨­ â­ëå
£¨¯¥à¯«®áª®áâ¥©, ¯«®â­® ¢ Lp, 1 < p <1 (á¬. [2]).

� ¬¥ç ­¨¥ 2. �¯®¬ï­ãâ®¥ ¢ëè¥ ®¯¨á ­¨¥ ¯à®áâà ­áâ¢ L�
p;r ¢ â¥à¬¨­ å ��� ¨¬¥¥â ¢¨¤

L�
p;r = ff(x) : f 2 Lr; D

�f 2 Lpg; 1 < p <1; 1 � r <1; �j > 0; (10)

£¤¥

D
�f =

Z
Rn

((�2l
t f)(x)=�

n+��(t))dt �
(Lp)

lim
"!0

Z
�(t)>"

((�2l
t f)(x)=�

n+��(t))dt (11)

|  ­¨§®âà®¯­ë© ��� �.�.�¨§®àª¨­ . � (11) 1
��

= 1
n

nP
i=1

1
�i
, �(t) | ­¥ï¢­ ï äã­ªæ¨ï, ï¢«ï-

îé ïáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï
nP
i=1

x2i�
�2�i = 1, �i = �i

��
, l = 1

2
max
j21;n

�j . �®¤¥à¦ é¥¥áï ¢ â¥®à¥¬¥

1 ®¯¨á ­¨¥ ¯à®áâà ­áâ¢ L�
p;r (¯à¨ ¢¥é¥áâ¢¥­­ëå �j) ï¢«ï¥âáï ¡®«¥¥ íää¥ªâ¨¢­ë¬ ¢ â®¬ á¬ë-

á«¥, çâ® ï¤à  ®¯¥à â®à®¢ T �
" ¢ëà ¦ îâáï ï¢­® ¨ ç¥à¥§ í«¥¬¥­â à­ë¥ äã­ªæ¨¨. �¤­ ª® ®­®

­¥ ®¡« ¤ ¥â â ª®© ª®­áâàãªâ¨¢­®áâìî, ª ª ®¯¨á ­¨¥ (10): ¥á«¨ f(x) | \¤®áâ â®ç­® å®à®è ï"
äã­ªæ¨ï, â® ¯à¥¤¥« ¢ (11) à ¢¥­ ¨­â¥£à «ã ¯® Rn ; ¢ â® ¦¥ ¢à¥¬ï ¢®¯à®á ® â®¬, áãé¥áâ¢ã¥â «¨
¯à¥¤¥« lim

"!0
(T �

" f)(x) ¨ ç¥¬ã ®­ à ¢¥­, âà¥¡ã¥â á¯¥æ¨ «ì­®£® ¨áá«¥¤®¢ ­¨ï. � ª®¥ ¨áá«¥¤®¢ ­¨¥

¯à®¢¥¤¥­® ­¨¦¥ ¢ ¯. II, ¢ ª®â®à®¬ ¯® áãé¥áâ¢ã à¥çì ¨¤¥â ® ª®­áâàãªâ¨¢­®áâ¨ ®¯¨á ­¨ï (4).

II. �å®¤¨¬®áâì  ¯¯à®ªá¨¬ â¨¢­ëå ®¯¥à â®à®¢ ­  \å®à®è¨å" äã­ªæ¨ïå

�¤¥áì ¡ã¤¥â ¤®ª § ­® áãé¥áâ¢®¢ ­¨¥ ¯à¥¤¥«  lim
"!0

(T �
" f)(x), x 2 Rn , ­  äã­ªæ¨ïå f(x) ª« áá 

BCm, m � maxf[Re�1]; : : : ; [Re�n]g. �«ï â ª¨å äã­ªæ¨© f(x), á«¥¤ãï ([8], á. 86; [9], (26.67)), ¢¢¥-
¤¥¬ à¥£ã«ïà¨§ æ¨î à áå®¤ïé¥£®áï ¨­â¥£à « 

R
R1

f(x�ekt)

jtj1+�k
dt, ek | ª®®à¤¨­ â­ë© ®àâ, à ¢¥­áâ¢®¬

p. f.
Z
R1

f(x� ekt)
jtj1+�k

dt =
Z
R1

f(x� ekt)� �(t)P [Re�k]
t;k (x)

jtj1+�k
dt+

+
[Re�k ]X0

s=0


s

s! (s� �k)
@s

@xsk
f(x); 
s =

(
2; s ç¥â­®¥,

0; s ­¥ç¥â­®¥;
(12)

£¤¥ P
[Re�k ]
t;k (x) =

[Re�k ]P
s=0

(�t)s

s!
@s

@xs
k

f(x), �(t) | å à ªâ¥à¨áâ¨ç¥áª ï äã­ªæ¨ï ¨­â¥à¢ «  (�1; 1),

èâà¨å ã áã¬¬ë ®§­ ç ¥â ¯à®¯ãáª á« £ ¥¬®£® á ­®¬¥à®¬ s = Re�k ¢ á«ãç ¥, ª®£¤  �k | æ¥-
«®¥ ç¨á«®.

�¥®à¥¬  3. �ãáâì f(x) 2 BCm, m � maxf[Re�1]; : : : ; [Re�n]g. �®£¤  ¯à¥¤¥« lim
">0

(T �
" f)(x)

áãé¥áâ¢ã¥â ¤«ï 8x 2 Rn ¨ ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

lim
"!0

(T �
" f)(x) =

nX
j=1

(J�jf)(x);
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J�jf(x) =

8>>><>>>:
�(�j + 1) cos �(�j+1)

2

�
p. f.

Z
R1

f(x� ejt)
jtj1+�j

dt; �j 6= 2; 4; : : : ;�
i
@

@xj

��j

f(x); �j = 2; 4; : : :

�®ª § â¥«ìáâ¢®. �­â¥£à « (T �
" f)(x) § ¯¨è¥¬ ¢ ¢¨¤¥

(T �
" f)(x) =

nX
j=1

1
�n�1"1+�j

Z
R1

R�j

� jtj j
"

�
dtj

Z
Rn�1

nY
k=1
k 6=j

"

t2k + "2
f(x� t)dtj =

nX
j=1

(J�j
" f)(x); (13)

tj = (t1; : : : ; tj�1; tj+1; : : : ; tn);

£¤¥ R�j (jtj) = R�j ;1(jtj). �®ª ¦¥¬, çâ® lim"!0
(J�j

" f)(x) = (J�jf)(x), x 2 R
n , ®âªã¤  ¨ ¡ã¤¥â á«¥¤®¢ âì

ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë. �ãáâì ¢­ ç «¥ �j 6= 2; 4; : : : �­â¥£à « (J�j
" f)(x) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥

(J�j
" f)(x) =

=
1

�n�1"1+�j

Z
R1

R�j

� jtj j
"

�
dtj

Z
Rn�1

nY
k=1
k 6=j

1
t2k + 1

[f(xj � tj ; xj � "tj)� �(tj)P
[Re�j ]
tj ;j (xj ; xj � "tj)]dtj +

+
1

�n�1"1+�j

Z
jtj j<1

R�j

� jtj j
"

�
dtj

Z
Rn�1

nY
k=1
k 6=j

1
t2k + 1

P
[Re�j ]
tj ;j (xj ; xj � "tj)dtj � (J�j

1;"f)(x) + (J�j
2;"f)(x);

£¤¥ ®¡®§­ ç¥­® f(x) = f(xj; xj). � áá¬®âà¨¬ ¨­â¥£à « (J�j
1;"f)(x). �¥âàã¤­® ¢¨¤¥âì, çâ®

1
"1+�j

R�j

� jtj j
"

�
��!
"!0

�(�j + 1) cos �(�j+1)

2

�
jtj j

�1��j (14)

¨, ªà®¬¥ â®£®,����"�1��jR�j

� jtj j
"

� Z
Rn�1

nY
k=1
k 6=j

1
t2k + 1

[f(xj � tj; xj � "tj)� �(tj)P
[Re�j ]
tj ;j (xj ; xj � "tj)]dtj

���� �
� C

(
jtj j

�1�Re�j ; jtj j > 1;

jtj j
�fRe�jg; jtj j � 1;

(15)

£¤¥ C ­¥ § ¢¨á¨â ®â ". �¥à¥å®¤ï ­  ®á­®¢ ­¨¨ (15) ª ¯à¥¤¥«ã ¯®¤ §­ ª®¬ ¨­â¥£à «  (¯® dtj) ¢
(J�j

1;"f)(x), á ãç¥â®¬ (14) ¯®«ãç ¥¬

lim
"!0

(J�j
1;"f)(x) =

�(�j + 1) cos �(�j+1)

2

�

Z
R1

f(x� ejt)� �(tj)P
[Re�j ]
tj ;j (x)

jtj j1+�j
dtj : (16)

�¡à â¨¬áï â¥¯¥àì ª (J�j
2;"f)(x). �á«¨ Re�j 6= 2; 4; : : : ; â® ¢ á¨«ã

R
R1

tkjR�j (jtj j)dtj = 0 ¤«ï

k < Re�j ¨
R

jtj j<1

t
Re�j
j R�j

�
jtj j

"

�
dtj = 0 ¯à¨ ­¥ç¥â­ëå Re�j ¯®«ãç ¥¬

(J�j
2;"f)(x) = �

1
�n�1

[Re�j ]X0

s=0

Z
jtj j>1

(�t)sj
s! "1+�j

R�j

� jtj j
"

�
dtj

Z
Rn�1

nY
k=1
k 6=j

1
t2k + 1

@s

@xsj
f(xj; xj � "tj)dtj :
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�¥à¥å®¤ï ¢ ¯à ¢®© ç áâ¨ ¯®á«¥¤­¥£® à ¢¥­áâ¢  ª ¯à¥¤¥«ã ¯®¤ §­ ª®¬ ¨­â¥£à « , á ãç¥â®¬ (14)
¨¬¥¥¬

lim
"!0

(J�j
2;"f)(x) = �

�(�j + 1) cos �(�j+1)

2

�

[Re�j ]X0

s=0


s

s! (�j � s)
@s

@xsj
f(x): (17)

�á«¨ ¦¥ Re�j = 2; 4; : : : ; Im�j 6= 0, â®, ¨­â¥£à¨àãï ¯® ç áâï¬, ¨¬¥¥¬

lim
"!0

1
(Re�j)!

Z
jtj j<1

tRe�jR�j ;"(jtj j)dtj = �
2�(�j + 1) cos �(�j+1)

2

�i Im�j(Re�j)!

�
@

@xj

�Re�j

f(x);

®âªã¤ , ª ª ¨ ¯à¨ Re�j 6= 2; 4; : : : , ¯®«ãç ¥¬ (17). �§ (16), (17) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë
¯à¨ �j 6= 2; 4; : : :

�áâ ¥âáï à áá¬®âà¥âì á«ãç © �j = 2; 4; : : : �à®¨­â¥£à¨à®¢ ¢ (J�j
" f)(x) ¨§ (13) ¯® ç áâï¬ �j

à §, ¡ã¤¥¬ ¨¬¥âì

(J�j
" f)(x) =

1
�n

Z
Rn

nY
k=1

1
t2k + 1

��
i
@

@xj

��j
f

�
(x� "t)dt:

�¥à¥å®¤ï ¢ íâ®¬ à ¢¥­áâ¢¥ ª ¯à¥¤¥«ã ¯à¨ "! 0, ¯®«ãç ¥¬ lim
"!0

(J�j
" f)(x) =

��
i @
@xj

��j
f
�
(x).
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